The ethanol and aqueous extracts of Tabernaemontana coronaria flowers possessed significant in vitro superoxide, hydroxyl radicals, nitric oxide scavenging, and lipid peroxidation inhibiting activities. The antiinflammatory activity of the ethanol extract was evaluated by carrageenan-induced acute and formalin-induced chronic antiinflammatory models in mice. The extract showed remarkable antiinflammatory activity in both models, comparable to the standard reference drug diclofenac. The results suggest that the antiinflammatory activity of the ethanol extract of T. coronaria is possibly attributed to its free radical scavenging properties.
Tabernaemontana coronaria R.Br (syn. Ervatamia coronaria) is a glabrous, evergreen, dichotomously branched shrub, belonging to the family Apocynaceae. It is distributed in upper Gangetic plain, Garhwal, East Bengal, Assam, Karnataka, Kerala, and in Burma 1 . In Ayurveda, the root is acrid; bitter with a flavour; digestible; useful in kapha, biliousness, and diseases of the blood. The root has a bitter bad taste. It is aphrodisiac; tonic, especially to the brain, liver, and spleen; and purgative. The milky juice mixed with oil is rubbed onto the head to cure pain in the eye; it kills intestinal worms, and its root, chewed, relieves toothache when rubbed with water; it is applied to wounds to prevent inflammation 1 . The allied species Tabernaemontana divaricata, when administered p.o. or i.p. to rats 1 h before subplantar injection of carrageenan, had a significant antiinflammatory activity 2 . A number of chemical constituents including indole alkaloids, phenols, and sterols from the leaves, stems, and roots of the plant have previously been reported [3] [4] [5] [6] . Inflammation is elicited by numerous stimuli such as infectious agents, environmental factors, ischemia, antigen-antibody reaction, physiological and pathological factors, and also free radicals. Free radicals have been implicated in the causation of several diseases such as cancer and diabetes, and compounds that can scavenge free radicals have great potential in ameliorating these disease processes 7 . Antioxidants thus play an important role to protect human *For correspondence E-mail: amalaresearch@rediffmail.com body against damage by reactive oxygen species 8 . The present study was undertaken to screen the relationship between antiinflammatory and antioxidant activity of the flowers of T. coronaria.
MATERIALS AND METHODS
The flowers of T. coronaria were collected during the month of March 2004 from Amala Ayurvedic Hospital premises, Thrissur. The flowers were authenticated at the Department of Botany, St. Mary's College, Thrissur, and a voucher specimen (No.13) was kept at Fr. Gabriel Herbarium, Thrissur.
Preparation of the plant extract:
The flowers of the plant were collected and dried at 40 45° in the oven, and it was powdered and extracted successively using petroleum ether (for defatting), alcohol, and water in a Soxhlet at a temp range of 40-50°, and the extractive values were found to be 12 and 10.5% w/w, respectively.
Male Swiss mice (25-30 g) were supplied by small animals breeding station, College of Veterinary and Animal Science, Mannuthy, Thrissur. The animals were maintained under environmental conditions (22-28°, 60-70% relative humidity, 12 h dark/light cycle) and fed with standard rat feed (Lipton India Ltd.) and water ad libitum. All animal experiments conducted during the present study got prior permission from the Institutional Animal Ethics Committee (IAEC) and followed the guidelines of IAEC.
Determination of in vitro antioxidant activity:
The superoxide scavenging activity of alcohol and water extracts was determined by the method of McCord and Fridovich
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. Hydroxyl radical scavenging activity was determined by measuring inhibition of hydroxyl radical generated by Fenton reaction 10 . Lipid peroxidation was induced in rat liver homogenate by incubating with Fe 2+ ascorbate for 1h, and lipid peroxide formation was determined by the estimation of thiobarbituric acid reacting substances (TBARS) formation 11 .
Nitric oxide scavenging activity of both extracts was determined using Griess reagent. Reaction mixture (3 ml) containing sodium nitropruside (10 m mol), phosphate buffered saline (PBS), and the extracts (50-300 mg/ml) was incubated at 25° for 150 min. After incubation, 0.5 ml of reaction mixture was removed, and 0.5 ml of Griess reagent (1% sulphanilamide, 2% H 3 PO 4 , and 0.1% naphthyl ethylene diamine dihydrochloride) was added and measured at 546 nm 12 .
Determination of antiinflammatory activity:
Male Swiss mice were divided into four groups of six animals each for both inflammation models. Group I was kept as control group (vehicle). Group II and III were given ethanol extract of T. coronaria 100 mg/kg body weight and 250 mg/kg body weight, respectively. Group IV was given diclofenac 25 mg/kg body weight.
Carrageenan-induced paw oedema:
In all groups, the inflammation was induced by single subplantar injection of 0.02 ml of freshly prepared 1% carrageenan in normal saline 13 . The groups received extracts of T. coronaria at concentrations of 100 and 250 mg/kg body weight, orally, 1 h before the carrageenan injection. The paw thickness was measured using vernier callipers at 1, 2, and 3 h after carrageenan injection. Increase in paw thickness as a measure of inflammatory oedema was calculated using the formula Pt-Po, where Po is the initial paw thickness and Pt is the thickness at time t (3 h). Percentage inhibition of inflammation was calculated by the formula (1-Pt/Pc)×100, where Pt is the increase in paw thickness of the treated and Pc is that of control. Diclofenac was used as the reference drug 14 .
Formalin-induced paw oedema:
The animals were divided into four groups of six animals each. In animals of all groups, inflammation was produced by subplantar injection of 20 µl of freshly prepared 2% formalin in the right hind paw of mice. The paw thickness was measured using vernier callipers 1h before and after formalin injection. The drug treatment was continued for 6 consecutive days. In both models, the degree of oedema formation was assayed as increase in paw thickness. The increase in paw thickness and the percentage inhibition were calculated as above with substitution of P 0 by Pc, as Pc is higher than P T .
Statistical analysis:
Experimental data were expressed as mean ±SD. Student's t-test was applied for expressing the significance, and P value less than 0.001 was considered as significant.
RESULTS AND DISCUSSION
The reactive oxygen species (ROS), such as superoxide anion radical (O 2 -), hydrogen peroxide (H 2 O 2 ), and hydroxyl radical (OH . ), have been implicated in pathophysiology of various clinical disorders, including ischemia, reperfusion injury, atherosclerosis, acute hypertension, diabetes mellitus, and cancer 15 . The ethanol extract of T. coronaria showed significant superoxide radical, hydroxyl radical, nitric oxide, and lipid peroxidation scavenging activities when compared with the aqueous extracts. Concentrations required for 50% inhibition (IC 50 ) of superoxide, hydroxyl radical, nitric oxide scavenging activities, and lipid peroxidation inhibiting activity were 235.5, 410.6, 250.7, and 255.6 µg/ml, respectively. The concentrations required for the 50% inhibition of free radicals by water extracts were 280.4, 300.7, 660.1, and 295.3 µg/ml, respectively. Carrageenaninduced acute inflammation and formalin-induced chronic paw oedema in animals are the most suitable test procedures to screen antiinflammatory agents. The ethanol extract showed better antioxidant activity than aqueous extract, and it was selected for the inflammatory studies.
Antiinflammatory activities of the ethanol extract of T. coronaria in two models reduced the paw oedema significantly (P <0.001) (Tables 1 and 2 ). The concentrations required to inhibit the paw oedema in both type of inflammations were comparable to the standard reference drug diclofenac.
Recent studies suggest that the inflammatory tissue damages are due to the liberation of reactive oxygen species from phagocytes invading the inflammation sites [16] [17] [18] . In addition to this, nitric oxide is also implicated in [19] [20] [21] . anion, might inhibit the recruitment of PMNs and thereby Interactions between superoxide and nitric oxide reduce inflammation. regulates the vascular tone or inflammation 16 . The significant in vitro antioxidant activity of T. coronaria is in histamine, 5-HT, and kinins, while the second phase is 3. Atta-ur-Rahman, Alvi, K.A. and Muzaffar, A., Planta related to the release of prostaglandins [22] [23] . Carrageenan phase of carrageenan-induced inflammation, when the
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